The heavy quarks c and b stabilize exotic meson (qqqq) and baryon (qqqqq) states. We discuss work with M. Karliner on molecules containing cc and bb; the first doubly charmed baryon; isospin splittings; Ξ + cc = ccd and Ω cc = ccs masses; lifetimes; tetraquarks stable under strong and electromagnetic decay; excited Ω c states; and P-wave excitation energies.
by Kobayashi and Maskawa [13] to explain CP violation. Evidence for the b quark came from observation in 1977 at Fermilab of the first members of the Υ family of spin-1 bb particles produced in proton-proton interactions, decaying to µ + µ − [14] . Today there is a rich spectroscopy both of bb states and of "B" mesons containing a single b quark. Decays of particles with b quarks are an active field. The top quark, discovered in 1995 at the Fermilab Tevatron [15] , has a mass m t ≃ 173 GeV so large that it decays too rapidly to have interesting spectroscopy.
The first genuine exotic, X(3872), was seen decaying to J/ψπ + π − by the Belle Collaboration in 2003 [16] , and confirmed by CDF [17] , D0 [18] , and BaBar [19] . Its identification as a D 0D * 0 + c.c. molecule comes from its proximity to D 0D * 0 threshold: M(X) = (3871.69 ± 0.17) MeV ≃ M(D 0 ) + M(D * 0 ) = (3871.68 ± 0.07) MeV. Its decay X → γJ/ψ is seen, implying C(X) = + and some admixture of cc in its wave function. The angular distribution of its decay products implies J P C = 1 ++ as expected for an S-wave state of D 0D * 0 + c.c. [20] . C invariance implies the π + π − pair in its decay has negative C, as in a ρ meson. The large value of M(
( * )± in its wave function. The comparable rates for Γ(X → ωJ/ψ) and Γ(X → J/ψρ) are what one would expect for a state with a ccuū admixture. In addition to the X(3872) (a mixture of 2 3 P 1 cc and J P C = 1 ++ ccuū) one expects an orthogonal mixture, typically above 3900 MeV in potential models.
The Belle Collaboration saw unexpected structures 
Evidence for ccuud configurations has been provided by LHCb [22] , who observed bumps in the J/ψ p invariant mass in the decay Λ b → K − J/ψ p at 4380 and 4450 MeV. (See Fig. 2 for a production mechanism.) 
The K − J/ψ p Dalitz plot (Fig. 3) is populated by many I = 0 K − p states. In an updated result [23] Table 3 ). When demanding the same quark masses for mesons and baryons, one adds 161.5 MeV for a baryon string junction. The fit quality remains the same.
A quark pair is more deeply bound when neither is u or d. Table 1 .
A study of isospin splittings in doubly heavy baryons [29] was motivated by the large (60 MeV!) splitting between Ξ Table 4 . For details of these calculations and well-obeyed fits to known isosplittings in light-quark and charmed baryons see Ref. [30] . In Table 5 we compare various predictions for M(Ξ 
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Contribution in MeV to eter quark is about 175 MeV heavier than nonstrange but more deeply bound to the cc diquark than the nonstrange quark. We compare the predictions for ccq and ccs in Table 6 . The additional binding of s to cc is −109.4 ± 10.5 MeV, giving M(Ω cc ) = 3692 ± 16 MeV, M(Ω * cc ) = 3756 ± 16 MeV, With universal quark masses and a 161.5 MeV "string junction" term for baryons one predicts M(Ω cc ) ∼ 40 MeV higher.
M. Karliner and I investigated QQ ′ūd systems [32] , where Q, Q ′ = c or b. We found ccūd unbound; it could decay to DD * or DDγ. The lowest-lying bcūd state was near BDγ threshold and could be bound. We predicted M(bbūd) = 10, 389 ± 12 MeV, 215 MeV below B − B * 0 threshold and 170 MeV below B − B 0 γ threshold. Regarding bb as a color-3 * diquark (transforming under QCD as an antiquark), fermi statistics required its spin to be 1. The lightestqq ′ state (q, q ′ = u, d) is a color-3ūd state with isospin zero; fermi statistics require its spin to be zero. The mass prediction then relies on accounting for constituent-quark masses, hyperfine interactions, and binding effects (Table 7) .
Spin zero is allowed for the bcūd state, taking advantage of the attractive bc hyperfine interaction. Since [34] .) Marek Karliner and I [35] identified the narrow states as five P-wave excitations, with an alternative assignment of the two highest-mass states as positiveparity radial excitations of the ground states. In that case two J P = 1/2 − states would remain to be seen, one around 2904 MeV decaying to Ω c γ and/or Ω c π 0 , and the other around 2978 MeV decaying to Ξ + c K − in an S-wave. What does it cost to excite a hadron from S-wave to P-wave [36] ? Defining a residual energy ∆E R ≡ ∆E P S -B 12 , where B 12 is the binding energies of constituents, we found a good fit with ∆E R = (417.37 − 0.2141µ 12 ) MeV, where µ 12 is the reduced mass.
The prospects for exotic mesons and baryons (beyondand) are bright. They do exist; molecular configurations are at least part of the story. Heavy quarks have a lower kinetic energy and help to stabilize exotic configurations containing them. Techniques for mass estimation (constituent-quark masses, hyperfine interactions, and binding effects) are relatively straightforward and are starting to be tested for QQ ′ q baryons. One frontier is states Q 1 Q 2Q3Q4 with all quarks heavy. Are there any cccc lighter than 2M(η c )? Are there any bbbb lighter than 2M(η b )? Can the quark-level analogue of nuclear fusion [37] be put to use? Still to be known is what it costs to produce one or more extra heavy quarks via the strong interactions. When do two heavy quarks end up in the same hadron?
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